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Objective: Factors affecting mortality after abdominal aortic aneurysm (AAA) repair have been extensively studied, but
little is known about the effects of the shift to endovascular aneurysm repair (EVAR) vs open repair on failure to rescue
(FTR). This study examines the impact of treatment modalities on FTR for elective AAA surgery during the years 1995
to 2011.
Methods: Data for 491,779 patients undergoing elective AAA surgery were collected from Medicare ﬁles. Patient
demographics, comorbidities, hospital volume, and repair type were collected. Primary outcome was FTR: the percentage
of deaths in patients who had a complication within 30 days of surgery. Data were analyzed by univariate and multivariate
analysis.
Results: Patients undergoing AAA surgery have become progressively more complex, with 84.96%, 89.33%, 93.76%, and
95.72% presenting with one or more comorbidities in 1995, 2000, 2005, and 2011, respectively. Despite this, overall
FTR after AAA surgery was stable from 1995 to 2000 (P[ .38) and decreased from 2.68% to 1.58% between 2000 and
2011 (P < .001). In addition, FTR in EVAR decreased from 1.70% to 0.58% from 2000 to 2006 (P [ .03) and then
stabilized at 0.88% 6 0.9% after 2007 (P [ .45). Unlike for EVAR, FTR for open repair remained stable at 3.06% 6
0.17% to 2.74%6 0.16% from 1995 to 2000 (P[ .38) but increased to 4.51%6 0.21% in 2011 (P < .001). Mortality was
highest after transfusion (20.86%), prolonged ventilation (17.37%), and respiratory complications (29.78%) for all AAA
surgeries. Of note, high-volume hospitals had lower FTR rates than low-volume hospitals for both open (2.73% vs 5.66%;
P < .001) and endovascular (0.7% vs 1.69%; P < .001) repair. Multivariate analysis showed that high annual volume
hospital status (odds ratio, 0.6; conﬁdence interval, 0.58-0.63) and endovascular repair (odds ratio, 0.3; conﬁdence
interval, 0.28-0.31) were associated with decreased FTR.
Conclusions: The success in AAA surgery of rescuing patients from 30-day mortality after a complication is associated with
increased volume of EVAR. This increased success can also be attributed to the improved FTR outcomes and complication
rates when surgeries are performed at high-volume hospital centers. (J Vasc Surg 2014;60:1473-80.)Failure to rescue (FTR) is a measure of a hospital’s abil-
ity to successfully treat patients who have had a complica-
tion after surgery. It is deﬁned as the 30-day mortality
rate in patients with one or more complications. To calcu-
late FTR, the number of deaths is divided by the number of
abdominal aortic aneurysm (AAA) cases with complica-
tions. FTR has emerged as a tool for assessing surgical
quality since its original deﬁnition by Silber et al1 in
1992. FTR has been used to assess surgical quality for a
variety of procedures, including thoracic,2-4 aortic abdom-
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For more than 20 years, there has been a dramatic shift
in the way in which AAA repair is performed. Since the mid-
2000s, the majority of AAA surgeries have been endovascu-
lar.13 No study to date has analyzed the effects of this shift
on FTR outcomes in patients undergoing AAA surgery.
This study analyzes the trend in FTR between 1995
and 2011 in open and endovascular AAA repair. It seeks
to identify factors associated with increased success in
AAA surgery. We hypothesized that there would be a
decreased trend in FTR for patients undergoing AAA
repair, primarily because of an increased number of mini-
mally invasive procedures being performed over time.
METHODS
Data were extracted from Medicare Inpatient Stan-
dard Analytical and Denominator ﬁles for patients under-
going elective AAA repair between 1995 and 2011. The
patients were selected through International Classiﬁcation
of Diseases, Ninth Revision, Clinical Modiﬁcation diag-
nosis codes for AAA and procedure codes for endovascu-
lar aneurysm repair (EVAR) and open AAA repair.14
Patients who underwent thoracic, thoracoabdominal, or
ruptured aortic aneurysm repair were excluded. The ﬁrst
hospitalization in which abdominal aneurysm repair was
performed was deﬁned as the index hospitalization.1473
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Fig 1. Percentage of endovascular aneurysm repair (EVAR)
(P < .001) vs open repair (P < .001) performed annually.
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extracted from the index hospitalization. Patient baseline
comorbidities were determined on the basis of the index
hospitalization and hospitalizations 1 year before the in-
dex hospitalization. Codes for comorbidities are listed in
Egorova et al.14
Complications were modiﬁed from studies analyzing
severe complications15 and surgical reinterventions.7
These perioperative complications and interventions
included but were not limited to cardiac arrest, vascular
device implant and graft complications, amputation, and
wound complication. See the Supplementary Table for
complication codes that were used in our study. Analysis
of trends in endovascular repair incorporates the years
2000 to 2011 because the procedure code for EVAR
was introduced in the last quarter of 2000. Analysis of
hospital volume was based on annual procedural volume
for any hospital performing open or endovascular repair.
Hospitals were subsequently categorized by tertile, with
low-volume hospital denoting the lowest 33% and
high-volume hospital denoting the highest 33% in annual
procedural volume. This study was approved by the Cen-
ters for Medicare and Medicaid Privacy Board, and the
patient consent/authorization form was waived.
Statistical analysis. Statistical analysis included the
Student t-test for analysis of continuous variables and c2
test for categorical variables. We used SAS Proc AutoReg
(SAS Institute, Carey, NC) to account for autocorrelation
between consecutive years for trend analysis. Multivariate
logistic regression analysis was used to determine factors
associated with major complications and FTR. The depen-
dent variables in the logistic regression models were sepsis,
septic shock, acute dialysis, prolonged ventilation, periop-
erative stroke, pulmonary embolism, arterial complications,
transfusion, respiratory failure, and FTR. The following
baseline confounders were included in the model as inde-
pendent variables: age, gender, race, comorbidities, hospi-
tal annual volume, and year of the surgery. Odds ratios
(ORs) were provided with 95% conﬁdence intervals
(CIs). Statistical signiﬁcance was attributed to results
when P < .05. SAS 9.3 software (SAS Institute) was used
to perform the analysis.
RESULTS
Elective AAA repair was performed in 491,779
patients. Among them, 295,851 patients underwent open
repair and 195,928 underwent endovascular repair. The
majority of AAA repairs were open from 1995 to 2004.
In 2005, 55.28% of AAA repairs were endovascular. The
percentage of AAA repairs that were endovascular
increased from 6.00% in 2000 to 90.35% in 2009 and
stabilized at 88% in 2010-2011 (Fig 1).
Trend in comorbidities. Table I shows trend in
comorbidities for patients undergoing AAA repair. The
percentage of patients with any comorbidity before surgery
has increased for open repair (from 1995 to 2011; P ¼
.01), EVAR (from 2000 to 2011; P < .001), or any AAA
surgery (from 1995 to 2011; P < .001). From 1995 to2011, the number of patients undergoing any AAA repair
with congestive heart failure (P < .001), neurologic co-
morbidity (P < .001), peripheral arterial disease (P <
.001), diabetes (P < .001), hypertension (P < .001), or
hyperlipidemia (P < .001) has signiﬁcantly increased. The
number of patients undergoing endovascular repair from
2000 to 2011 with these comorbidities (except congestive
heart failure) as well as pulmonary comorbidity (P ¼ .003)
and liver disease (P ¼ .01) has increased by 7.55% and
0.89%, respectively. Finally, the number of patients un-
dergoing open repair with neurologic (P < .001) comor-
bidities as well as peripheral arterial disease (P < .001),
diabetes (P ¼ .001), cancer (P ¼ .007), hypertension (P ¼
.01), and hyperlipidemia (P ¼ .01) increased between
1995 and 2011.
Trends in complication rates. From 1995 to 2000,
complication rates for patients undergoing AAA repair
were stable (Fig 2) at 29.51% 6 0.46% and 28.71% 6
0.46% (P ¼ .4). Complication rates decreased from 29.71%
to 19.24% from 2000 to 2011 (P < .001). Complication
rates for patients undergoing endovascular repair remained
stable at 14.94% 6 0.36% and 12.24% 6 0.33% between
2000 and 2011. Whereas complication rates for open
repair were stable at 29.51% 6 0.46% and 28.71% 6 0.46%
between 1995 and 2000, complication rates for these pa-
tients increased from 28.71% to 49.98% between 2000 and
2011 (P < .001).
Trends in FTR. There was increased success in saving
patients from 30-day mortality after complication of any
AAA repair between 2000 and 2011. FTR in patients un-
dergoing AAA repair was stable from 1995 to 2000 (P ¼
.38) but decreased from 2.68% to 1.58% between 2000
and 2011 (P < .001; Fig 3). There was increased success
in preventing deaths after complications among patients
undergoing EVAR. FTR in these patients decreased from
1.70% to 0.58% from 2000 to 2006 (P ¼ .03) and then
stabilized at 0.58% 6 0.08% to 0.88% 6 0.9% after 2007
(P ¼ .45). In contrast to trends of success in endovascular
repair, there was decreased trend in saving patients from
30-day mortality after complications from open repair
Table I. Trend in baseline comorbidities for patients who had endovascular aneurysm repair (EVAR), open repair, or any
abdominal aortic aneurysm (AAA) surgery
Any AAA surgery
1995 2000 2005 2011
P(n ¼ 27,821) (n ¼ 27,472) (n ¼ 29,481) (n ¼ 29,696)
Comorbidities, %
Any 84.96 89.33 93.76 95.72 <.001
CHF 11.92 12.00 11.50 10.85 <.001
Valvular 5.14 5.72 6.93 6.98 .82
Arrhythmia 21.88 23.56 23.16 25.33 .15
Coronary 14.53 16.15 15.31 16.89 .11
Pulmonary 33.00 33.77 36.20 34.80 .34
Cerebrovascular 5.31 4.75 4.29 6.86 .45
Neurologic 2.37 2.96 3.28 5.20 <.001
Renal failure 1.04 0.70 2.58 15.43 <.001
PAD 9.10 10.55 12.91 20.00 <.001
Diabetes 7.94 9.57 13.68 19.63 <.001
Liver disease 1.05 0.79 0.62 1.14 .15
Cancer 3.60 3.38 3.40 3.74 .6
Hypertension 46.02 55.24 65.27 79.05 <.001
Hyperlipidemia 6.93 18.33 33.94 56.32 <.001
EVAR (n ¼ 1646) (n ¼ 16,301) (n ¼ 24,039)
Any 88.89 93.79 95.39 <.001
CHF 10.63 10.23 10.30 .18
Valvular 5.04 6.61 6.56 .9
Arrhythmia 1.90 2.11 2.39 .13
Coronary 1.80 1.67 1.69 .007
Pulmonary 3.06 3.28 3.32 .003
Cerebrovascular 5.04 4.17 6.56 .02
Neurologic 2.67 3.31 4.57 <.001
Renal failure 0.67 2.49 14.69 <.001
PAD 9.60 13.77 18.54 <.001
Diabetes 11.85 15.51 20.04 <.001
Liver disease 0.73 0.52 1.02 .01
Cancer 3.77 3.77 3.88 .2
Hypertension 56.26 68.01 78.59 <.001
Hyperlipidemia 21.69 36.64 56.24 <.001
Open (n ¼ 27,821) (n ¼ 25,826) (n ¼ 13,180) (n ¼ 5657)
Any 84.96 89.36 93.73 97.12 <.001
CHF 11.92 12.09 13.06 13.17 .18
Valvular 5.14 5.77 7.33 8.77 .10
Arrhythmia 21.88 23.86 25.75 31.22 .30
Coronary 14.53 16.03 13.57 16.78 .01
Pulmonary 33.00 33.97 40.34 41.52 .51
Cerebrovascular 5.31 4.74 4.45 8.11 .21
Neurologic 2.37 2.98 3.25 7.88 <.001
Renal failure 1.04 0.7 2.69 18.56 <.001
PAD 9.10 10.61 11.84 26.11 <.001
Diabetes 7.94 9.43 11.41 17.91 .001
Liver disease 1.05 0.79 0.76 1.68 .3
Cancer 3.60 3.36 2.93 3.15 <.001
Hypertension 46.02 55.17 61.88 81.01 <.001
Hyperlipidemia 6.93 18.11 30.60 56.67 <.001
CHF, Congestive heart failure; PAD, peripheral arterial disease.
P values were calculated including all years 1995 to 2011 for open repair and any AAA surgery and years 2000 to 2011 for EVAR.
JOURNAL OF VASCULAR SURGERY
Volume 60, Number 6 Ilonzo et al 1475between 2000 and 2011. FTR for open repair remained
stable at 3.06% 6 .17% to 2.74% 6 .16% from 1995 to
2000 (P ¼ .38). Since 2000, FTR continually increased
from 2.68% to 4.51% in 2011 (P < .001).FTR outcomes based on type of complication and
procedure. As shown in Table II, the most frequent
complications after open repair were respiratory failure
(32.2%), transfusion (21.4%), prolonged intubation
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Fig 2. Trend in complications during index hospitalization after
open repair (P < .001), endovascular aneurysm repair (EVAR) (P ¼
.06), or any abdominal aortic aneurysm (AAA) surgery (P < .001).
Fig 3. Trend in failure to rescue (FTR) from open repair (P ¼ .38,
1995-2000; P < .001, 2000-2011), endovascular aneurysm repair
(EVAR) (P ¼ .03, 2000-2006; P ¼ .45, 2008-2011), or any
abdominal aortic aneurysm (AAA) surgery (P ¼ .38, 1995-2000;
P < .001, 2000-2011).
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and shock (5.1%). The most frequent complications after
EVAR were respiratory failure (18.2%), sepsis (12.1%),
prolonged intubation (9.2%), transfusion (8.4%), arterial
reintervention (5.1%), and shock (4.5%). After control-
ling for pretreatment characteristics (demographics and
comorbidities of the patients), hospital volume, and year
of procedure, we found that patients who underwent
EVAR were at decreased risk of major complications
including sepsis (OR, 0.36; 95% CI, 0.34-0.39), arterial
complications (OR, 0.80; 95% CI, 0.74-0.86), and res-
piratory failure (OR, 0.19; 95% CI, 0.18-0.19). They
were at increased risk of perioperative stroke (OR, 1.77;
95% CI, 1.38-2.28; Table III).
Mortality was highest after septic shock (46.6%,
51.1%), shock (42.9%, 43.3%), sepsis (30.9%, 36.8%), acute
dialysis (32.7%, 22.4%), prolonged ventilation (24.8%,
33.4%), unplanned reintubation (24.4%, 35.1%), perioper-
ative stroke (25.0%, 21.6%), pulmonary embolism (15.5%,
6.7%), and arterial reintervention (21.9%, 11.1%) for open
repair or EVAR, respectively (Table II). Mortality for pa-
tients with one complication after AAA surgery was less
for EVAR than for open repair patients (4.1% vs 6.3%;
P < .001). However, mortality was signiﬁcantly higher in
patients undergoing EVAR than open repair when these
patients had two (18.4% vs 15.7%; P < .001) or more com-
plications (33.9% vs 27.8%; P < .001). Overall mortality af-
ter open repair was 1.62% and 5.04% after EVAR.
FTR, complications, and hospital volume. Hospitals
performing any endovascular or open repair were catego-
rized according to annual procedure volume as low-, me-
dium-, or high-volume hospital. On average, low-volume
hospitals performed below four EVARs per year, mid-
volume hospitals performed between ﬁve and 17 EVARs
per year, and high-volume hospitals performed between 18
and 177 EVARs per year. With respect to open repair, low-
volume hospitals performed below three open repairs per
year, mid-volume hospitals between four and seven open
repairs per year, and high-volume hospitals between eightand 257 open repairs per year. Fig 4 shows that high-
volume hospitals had increased success in saving patients
from 30-day mortality after complication of surgery. High-
volume hospitals had lower FTR rates than low-volume
hospitals for open (2.73% vs 5.66%; P < .001) and endo-
vascular (0.7% vs 1.69%; P< .001) repair. In addition, there
was a signiﬁcant decrease in surgical complication rates with
increasing annual volume: in hospitals of high volume than in
hospitals of lowvolume inbothopen (32.19%vs 47.49%;P<
.001) and endovascular (11.91%vs 21.32%;P< .001) repair.
Hospitals of high volume had fewer high-mortality compli-
cations after EVAR than low-volume hospitals did, specif-
ically sepsis (0.5% vs 1.22%; P< .001), prolonged ventilation
(0.41% vs 1.26%; P < .001), and arterial reinterventions
(0.73% vs 1.03%; P ¼ .002). Hospitals of high volume had
fewer high-mortality complications after open repair than
low-volume hospitals did, speciﬁcally pulmonary embolism
(0.51% vs 0.62%;P¼ .02), sepsis (2.11% vs 3.36%;P< .001),
septic shock (0.13% vs 0.44%;P< .001), perioperative stroke
(0.05% vs 0.11%; P < .001), acute dialysis (0.43% vs 0.68%;
P < .001), arterial reintervention (1.08% vs 1.68%; P <
.001), and prolonged ventilation (3.73% vs 5.63%; P <
.001). Therefore, high-volume hospitals generally encoun-
tered fewer major complications after AAA repair than low-
volume hospitals did.
Factors associated with FTR in AAA repair.
Table IV shows factors associated with FTR. Factors asso-
ciated with decreased FTR includedmale gender (OR, 0.63;
95% CI, 0.6-0.65), high annual volume hospital status (OR,
0.6; 95% CI, 0.58-0.63), and endovascular repair (OR, 0.3;
95% CI, 0.28-0.31). Patients who underwent open repair or
who had congestive liver disease, renal failure, heart failure,
coronary artery disease, or the other comorbidities listed in
Table IV weremore likely to die of complications of surgery.
DISCUSSION
FTR is a quality metric used to assess a hospital’s ability
to prevent death in patients with surgical complications.
Table II. Complication rate and associated mortality after open repair and endovascular aneurysm repair (EVAR)
Complication
Open (n ¼ 295,851) EVAR (n ¼ 195,928)
P (complications: open vs
EVAR)
P (mortality: open vs
EVAR)
Complications,
%
Mortality,
%
Complications,
%
Mortality,
%
Septic shock 1.4 46.6 3.0 51.1 <.001 .31
Shock 5.1 42.9 4.5 43.4 .15 .85
Sepsis 13.6 30.9 12.1 36.8 .024 <.001
Acute dialysis 2.9 32.7 1.8 22.4 <.001 .001
Prolonged ventilation 19.1 24.8 9.2 33.4 <.001 <.001
Unplanned reintubation 6.1 24.4 3.8 35.1 <.001 <.001
Perioperative stroke 0.3 25.0 1.0 21.6 <.001 .49
Pulmonary embolism 1.6 15.5 0.3 6.7 <.001 .004
Amputation 0.5 14.0 0.1 6.7 .007 .11
Infection 2.9 12.7 1.8 9.4 <.001 .025
Respiratory failure 32.2 11.6 18.2 12.6 <.001 .06
Cardiac arrest 0.0 8.7 0.0 10.0 .89 .89
Vascular device
complication
0.6 13.1 2.5 4.6 <.001 <.001
DVT requiring treatment 0.2 5.7 0.1 6.9 .28 .7
Wound complication 0.6 5.6 0.1 5.3 .001 .9
Arterial reinterventions 4.9 21.9 5.1 11.1 .62 .62
Transfusion 21.4 5.3 8.4 3.4 <.001 <.001
One complication 27.3 6.3 11.3 4.1 <.001 <.001
Two complications 6.0 15.7 1.2 18.4 <.001 <.001
Three or more
complications
2.2 27.8 0.3 33.9 <.001 <.001
DVT, Deep venous thrombosis.
Table III. Association between major complications and
type of abdominal aortic aneurysm (AAA) repair (based
on multivariate logistic regression analysis)
Outcome OR 95% CI
Sepsis 0.36 0.34-0.39
Septic shock 0.83 0.69-1.00
Acute dialysis 0.31 0.26-0.35
Prolonged ventilation 0.16 0.15-0.17
Perioperative stroke 1.77 1.38-2.28
Pulmonary embolism 0.18 0.15-0.22
Arterial complications 0.80 0.74-0.86
Transfusion 0.36 0.35-0.36
Respiratory failure 0.19 0.18-0.19
Odds ratio (OR) and corresponding 95% conﬁdence intervals (CIs) for
endovascular vs open repair are shown.
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inating the ﬁrst deﬁnition in 1992.1 He deﬁned FTR as
30-day mortality in any patient with surgical complica-
tions. The list of complications used to calculate FTR
was exhaustive, including more than 40 types of compli-
cations. Other subsequent deﬁnitions, such as the
nursing-sensitive FTR (FTR-N) or the Agency for
Healthcare Research and Quality FTR (FTR-A), differed
from Silber’s deﬁnition of FTR in that they incorporated
fewer types of complications.16 FTR used in this study
differs from Silber’s FTR, FTR-A, and FTR-N in that
it focuses on death after major surgical complications.
Major complications have been studied previously by
Ghaferi et al9,17 for the fact that mortality is most often
associated with severe complications.
From 1995 to 2011, the number of medically ill pa-
tients presenting for open or endovascular surgery has
increased. Despite this, the number of complications after
AAA surgery has decreased. At the same time, there has
been increased success in AAA surgery of preventing death
in patients after complications. This trend can be
explained in part by the increased volume of endovascular
surgeries. More endovascular procedures were being pro-
gressively performed during this period, with endovascular
repair becoming the dominant procedure by 2005.9,17
Moreover, patients undergoing EVAR encounter fewer
high-mortality complications than open repair patients
do. These complications include sepsis, prolonged ventila-
tion, perioperative stroke, arterial complications, and res-
piratory failure. This is likely due to the fact that open
repair is a more technically complex surgery and patientswho undergo this surgery are more likely to develop
bleeding, embolization, or visceral perfusion. These are
serious complications that may result in irreversible system
problems including shock, sepsis, organ failure, and death.
In addition, advances in critical care management prob-
ably play a role in the improved FTR seen during the
17-year span.
Endovascular repair is associated with fewer complica-
tions and lower short-term mortality than in open
repair,18,19 and a trend for improved survival outcomes
since 2000 was observed after endovascular repair. In
contrast, survival outcomes for open repair, although stable
between 1995 and 2000, worsened between 2000 and
2011. Given the favorable outcomes for patients undergo-
ing endovascular repair, this study supports the view that
Table IV. Factors associated with failure to rescue (FTR;
30-day mortality after complications) of abdominal aortic
aneurysm (AAA) repair based on multivariate logistic
regression
Factor OR 95% CI
Age, years
45-64 0.30 0.26-0.35
65-69 0.30 0.27-0.32
70-74 0.38 0.35-0.41
75-79 0.51 0.47-0.54
80-84 0.67 0.63-0.72
$85 Reference
Male gender 0.63 0.60-0.66
Race
White Reference
Black 1.48 1.35-1.63
Race other 1.29 1.14-1.45
Hospital volume
Low Reference
Medium 0.68 0.64-0.73
High 0.47 0.44-0.49
EVAR 0.30 0.28-0.32
Comorbidities
Congestive heart failure 1.54 1.46-1.62
Arrhythmia 1.60 1.53-1.68
Coronary 1.29 1.22-1.36
PAD 1.42 1.34-1.51
Renal failure 2.13 1.96-2.32
Liver disease 2.38 2.05-2.78
Cerebrovascular 1.38 1.27-1.50
Neurologic 2.19 2.02-2.37
CI, Conﬁdence interval; EVAR, endovascular aneurysm repair; OR, odds
ratio; PAD, peripheral arterial disease.
A
B
Fig 4. Complication rates (A) and failure to rescue (FTR) rates
(B) for endovascular aneurysm repair (EVAR) and open pro-
cedures performed between 1995 and 2011 in low-, medium-, or
high-volume hospitals. *P < .001.
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patient safety in the acute postoperative setting.19
This study shows that hospitals perform better in saving
patients from 30-day mortality after complications of
EVAR than after complications of open repair. Whereas
this is true in the perioperative setting, more studies are
needed to assess best practices for managing complications
after EVAR in the long term. The U.K. EVAR trial20 and
the Open vs Endovascular Repair (OVER) Veterans Affairs
trial in theUnited States21 showed that the perioperative sur-
vival advantage of endovascular repair is lost in the long term
after EVAR, with open repair eventually having similar long-
term survival rates. This is largely due to catch-up of the
detrimental effects of systemic comorbidities but also to
increased rates of reinterventions, graft complications, and
aneurysm rupture in the long term after EVAR.18,19 Deter-
mining whether factors that improve perioperative FTR
also affectmortality outcomes after long-term complications
will be beneﬁcial. These include hospital volume, surgical
specialty,7 and teaching hospital status.22
It is important to consider factors that may be associ-
ated with decreased success in open repair. At least in
part, this is likely to be due to the fact that fewer open re-
pairs are being performed over time. This study, consistent
with previous studies, shows that hospitals of high surgical
volume have decreased FTR after high-risk surgery.9,17,23
The reduction in national open repair volume and
the attendant decreased single-practitioner, single-centerexperience likely contribute to poorer outcomes. Another
factor that may account for the increased morbidity of
open repair is the selection criteria generally limiting this
procedure to patients with complex, more technically difﬁ-
cult anatomy. Decreasing volume of open procedures and
selection of the more complex patients for open surgeries
are probably the two major reasons associated with
increased FTR after open AAA repair in the EVAR era.
In addition, limited resident and fellow training in open
repair due to the substantial volume reduction of these pro-
cedures at many teaching hospitals also plays an important
role.
Our results show that there was no difference in 30-day
mortality after arterial reinterventions for either open or
endovascular repair. In addition, there were increased mor-
tality rates after wound complication for open repair and
increased mortality rates after vascular device complication
for endovascular repair. The increased mortality rates seen
in wound complications for open repair can be accounted
for by the complexity of these wounds, which often require
extended hospitalization.24 Similarly, the increased mortal-
ity rates in endovascular repair after vascular device compli-
cation can be explained in part by the complexity of the
complication and the subsequent need for secondary pro-
cedures to manage these complications. In the study
analyzing 30-day mortality after surgical reoperation for
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signiﬁcant differences in FTR outcomes for patients under-
going open and endovascular repair. Our study, which de-
ﬁnes FTR as death within 30 days after any complication
(not necessarily limited to reoperation), shows well-
deﬁned differences, with FTR less in endovascular repair
than in open repair. The difference in results of these two
studies may be explained by the differences in types of com-
plications used to calculate FTR.
There has been much debate about how hospital vol-
ume and patient characteristics affect complication rates
and mortality after major surgical procedures. Our study
of 491,779 patients and 17 years of data showed a deﬁni-
tive relationship between hospital volume and complication
rates, with hospitals of high volume having fewer complica-
tions. This is consistent with previous studies.8,25,26 Multi-
variate analysis performed in this study also supports this
ﬁnding by showing decreased odds of FTR with higher vol-
ume hospital status. In a recent study conducted by Waits
et al,15 the authors were unable to distinguish the effects of
hospital quality on complication rates. Our study cannot be
directly compared with the work of Waits et al because
different methods to categorize hospitals were used: by
mortality levels (low, medium, high) in the report of Waits
et al and by hospital volume in our work. With our meth-
odology, we can clearly show that hospitals of excellence,
in this case high-volume hospitals, have fewer complication
rates and decreased FTR outcomes than hospitals of low or
medium volume do.
Limitations to this study are not dissimilar to those of
previous studies as they stem from analyses performed
with large administrative data sets.14,27 Such analyses are
subject to coding errors and biases secondary to incomplete
and inaccurate discharge summaries. However, studies
have shown great accuracy for administrative databases
regarding surgical data sets and mortality.28 In addition,
the size of the Centers for Medicare and Medicaid Services
database provides the power needed to adequately assess
patient demographics, baseline comorbidities, and the
outcome variables of this study.
CONCLUSIONS
There is increased success in AAA surgery, in part due
to the increased proportion of surgeries that are performed
through minimally invasive approaches. Hospitals do better
preventing 30-day mortality from complications after
endovascular than after open repair, as evidenced by
decreased FTR outcomes after EVAR. This increased suc-
cess can also be attributed to the reduced FTR outcomes
and complication rates when surgeries are performed at
high-volume hospital centers.
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code Exclusion/notes
Excluded patients who required dialysis
preoperatively
Includes red blood cell transfusion within
72 hours of operation
d any of the
/diagnoses:
If after index surgery date
.08, 38.18, 38.38,
39.24, 39.26,
39.79, 39.90,
84.14, 84.15,
If arterial reintervention date is after index
surgery date
3, 84.14, 84.15, If after index surgery date
53.5, 53.6, 54.61 If after index surgery date
